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ABSTRACT 
Synthesis of novel hybrid adsorbent materials based on ionic liquids (ILs) grafted on mesoporous 
materials has been a hot topic for CO2 capture. The aim was to improve the absorption capacities 
of ILs and increase CO2 selectivity. This work studied the synthesis of two novel materials by 
grafting (vinyl benzyl) trimethylammonium chloride, [VBTMA][Cl] and tetraheptylammonium 
bromide, [thepAm][Br] on mesoporous MCM-41, and investigated their adsorption to CO2 as 
well as CO and H2, and the selectivity to CO2. 
After the pretreatment of MCM-41 by using three methods and the surface modification with (3 
mercaptopropyl) trimethoxysilane, results from the characterization with FT-IR, TGA, BET, 
TEM and elemental analysis showed that [thepAm][Br] and [VBTMA][Cl] were successfully 
grafted on the mesopores of MCM-41.  Gas excess loading studies in pressure range of 0.1MPa 
up to 8MPa were carried out by using a high-pressure quartz spring method. The grafting of the 
ILs on the support caused loss in microporosity, resulting in a slight decrease in CO2 adsorption 
capacity. However, the CO2/CO selectivity was enhanced although it had no effect on CO2/H2 
separation. Among the synthesized adsorbents, those grafted with [VBTMA][Cl] performed 
better than the [thepAm][Br] grafted ones. The sample from [VBTMA][Cl] grafted on 
hydroxylated MCM-41 showed excess CO2 loading of 3.90 mmol/g and selectivities of 95 for 
CO2/CO and 7 for CO2/H2 at 30.0oC and 5.00MPa. On the other hand, the excess CO2 loading 
was 3.65 mmol/g whereas the selectivity for CO2/CO was 21 and 16 for CO2/H2 at 30.0oC and 
5.00MPa from the [thepAm][Br] sample grafted on hydroxylated MCM-41 at similar conditions. 
Furthermore, a new method by using piranha solution to remove the surfactant templates in the 
as-MCM-41 was developed; it gave good results compared to the commonly used methods by 
using calcinations. Analysis showed that the developed samples from [VBTMA][Cl], grafted on 
hydroxylated MCM-41 may be a good candidate for CO2/CO separation with pre-combustion 
systems. 
 
Key words: Ionic liquid, MCM-41, Carbon Dioxide and SILP. 
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摘要 
 
为了提高离子液体（ILs）对二氧化碳的吸收能力，也为改善多孔材料对二氧化碳的
选择性，将离子液体嫁接到多孔材料形成优良吸附剂是针对二氧化硅捕获的一个热点研究
方向。本工作研究两种新的吸附材料，也就是把苄乙基三甲基氯化铵（[VBTMA][Cl]）和
四庚基溴化铵（[thepAm][Br]）两种离子液体 MCM-41 材料，并研究所制备的吸附材料对
CO2、H2、CO的吸附量以及对 CO2的吸附选择性。 
通过对 MCM-41 三种方法的预处理，以及表面嫁接 MPMTS, FT-IR、TGA、BET、
TEM 和元素分析等表征结果表明，离子液体被成功嫁接到 MCM-41 的介孔材料上，并且
进一步利用对所有样品进行了表征。利用高压石英弹簧法测试了所有样品在 0.1 ~ 8 MPa
压力下的气体吸附量。结果表明，离子液体的嫁接导致了 MCM-41 中微孔结构的破坏，
使得其对 CO2的吸附量稍有下降；虽然所合成的复合吸附剂对 CO2/H2分离没有效果，但
是提高了其对 CO2/CO 的分离选择性。在所有制备的吸附剂中，嫁接[VBTMA][Cl]的样品
表现出比嫁接 [thepAm][Br]的样品更好的效果：在 30.0oC、5.00 MPa 条件下，将
[VBTMA][Cl]嫁接在 MCM-41的样品对 CO2吸附量为 3.90 mmol/g，对 CO2/CO的选择性
为 95，对 CO2/H2的选择性为 7；在相同条件下，将[thepAm][Br]嫁接在 MCM-41 的样品
对 CO2吸附量为 3.65 mmol/g，对 CO2/H2的选择性为 16，对 CO2/CO的选择性仅为 21。
本文还开发了一种去除新制的 MCM-41 中的表面活性剂的新方法，与常用的焙烧的方法
相比，该方法取得了更好的效果。研究结果表明，所合成出的将[VBTMA][Cl]嫁接在
MCM-41的复合材料可作为燃烧前捕获系统中 CO2/CO分离的吸附剂。 
 
关键词： 离子液体，MCM-41，二氧化碳，SILP. 厦
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ABBREVIATIONS AND SYMBOLS 
 
BET Brunauer-Emmet-Teller 
cm    Centimeter 
Fig Figure 
g gram 
IL Ionic liquid 
m2 Square meter   
mL Milliliter 
nm Nanometer 
oC  Degree Celsius 
K Kelvin 
TEM Transmission electron microscope 
TGA Thermogravimetric Analysis 
SILP supported ionic-liquid phase 
MCM-41 Mobil Catalytic Material, number 41 
[thepAm][Br] tetra-n-heptyl ammonium bromide 
[VBTMA][Cl] (Vinylbenzyl) trimethylammonium chloride 
MPTMS (3-mercaptopropyl) trimethoxysilane 
M1 Calcined MCM-41 
M2 Hydroxylated MCM-41 
M3 MCM -41 Pretreated by Piranha solution 
FT-IR Fourier Transform Infrared spectroscopy 
T Temperature  
P Pressure 
ρ Density 
V Volume 
MPa Megapascal 
yr Year 
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Chapter 1  Introduction 
1.1   General background 
Industrialization and the accelerated population growth during the past century have created 
more pollutant waste for our mother earth. Besides water and soil contamination, which has a 
very bad effect on the ecosystem, air pollution is the biggest dilemma in the environment 
debate[1].  Carbon dioxide (CO2) is one of the main waste gases in the exhaust of factories and  
industrial concerns and also transportation vehicles[2]. The most important problem with carbon 
dioxide is its greenhouse effect on the atmosphere, which leads to increasing temperatures, and 
carbon dioxide causes more than 60% of global warming [3,4]. According to scientific reports, 
the concentration of CO2 is now about 400 ppm, which shows a significant increase from its 
concentration before industrialization, which was less than 300 ppm[4]. The Intergovernmental 
Panel on Climate Change (IPCC) predicts a 1.9°C rise in temperature by the year 2100, a nd this 
means a reduction of CO2 is vital for human beings and all other life on earth; health problems, 
urban smog and acid rain are some important consequences of CO2 emission[5].  
Usually three solutions are offered to decrease total CO2 in the atmosphere; the first is using non-
carbon energy resources to replace fossil fuels, such as wind and solar energy as well as biomass, 
which require moving to the use of non-fossil fuels (e.g. renewable energy and hydrogen). But 
besides the high costs of these renewable energies, there are some other obstacles of changing 
industrial systems.  The second solution is to improve energy efficiency to reduce greenhouse gas 
emissions per unit energy consumption, which requires an efficient use of energy. The third is 
carbon capture and storage (CCS), this solution emphasizes the development of CO2 capture 
methods as well as sequestration technologies[6]. CCS involves CO2 separation, capture, 
transportation and, at the end, CO2 storage, CO2 separation and capture is the most important and 
cost effective of these steps. CO2 Capture from a gas mixture can be carried out through a variety 
of methods, such as chemical and physical absorption, cryogenic fractionation and selective 
adsorption by solid adsorbents, membrane separation and hydration separation[7]. A number of 
techniques have actually been researched and trademarked for the elimination and separation of 
CO2 coming from commercial waste materials, as well as mine fumes and gases produced by 
animal metabolism, including human breathing. Several technological problems, nevertheless, 
exist in dealing with possible large-scale execution of CO2 capture in power plants[8]. 
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